Non-ferrous metal production has a long tradition in the Saxon territory. When the mining of lead ore ceased in the region in the late 1960s, the lead smelting works in Freiberg/Saxony was extended to enable the smelting of secondary raw materials. The factory of Feinhütte Halsbrücke GmbH is specialized in the production of alloys of tin, lead and antimony. The Feinhütte Company is a small private enterprise; it has existed for more than 400 years now. With a turnover of 35 Mio Euro and trade connections to more than 20 countries in 3 continents Feinhütte Halsbrücke is a well-known and accepted producer of soldering products and more. But, the manufacturing process generates emissions of gas and dust with adhering heavy metals. The installed bag house filter meets the actual guideline of German emission control, but directive 2004/107/EC relating to arsenic, cadmium, mercury and nickel has given new limits for immission in ambient air. Driven by the intension of decreasing emission levels a new filter system was built as an additional filter after the existing filter system. It consists of a two-stage filter element in cartridge form with a pre-filter and agglomeration stage. The Hycoknit ® filter material used is characterized by a high loft layer of bonded in mesh fiber bundle at the inflow side and a finely porous thin fleece layer of turbulent fine fibers on the downstream side. The internal project monitoring program proved the new filter system. A reduction of the dust concentration to a maximum load of 1 mg /Nm ³ was reached. In addition, cadmium fine dust could be removed by nearly 100%.
Introduction
The World Health Organisation (WHO) and National Institute of Environmental Health Sciences (NIEHS) noticed that fine dust and ultrafine dust are one of most important factors in shortening life expectancy [1] . It is known that heavy metals have a tendency to adhere at surfaces of particles less than 4 micron and that cadmium and other heavy metals in fact trigger cancer [2] , but, on the other hand, technical improvement of dust separation often needs more energy and investment. Today, the production of non-ferrous metals and non-ferrous alloys is achieved with advanced technology. The extraction of short drum furnaces (KTO) for non-ferrous metal processing is connected to a dust extraction system, which is equipped with bag filters. Thus, compliance with the statutory requirements for total dust and heavy metals, especially lead, arsenic and cadmium, is important and feasible. The filtration performance of the bag house is exhausted; specially equipped filter materials are already used with it. Due to the nature of the dust (being a high-density sticky/greasy consistency) and relatively low levels after the bag filter (below 5 to 10 mg/m³), this is, however, a difficult subject for a possible second filter stage. Since penetrating through the bag filter only the finest particles are formed on the surface of cleanable filters, thin layers with a high specific pressure drop, which can be cleaned off with difficulty. Furthermore, the formation of a filter layer is the basis for high separation efficiency. If this isn't there, the filtering effect is small. A further problem is the fluctuating volume flow, which results from the different operation of the furnaces. That's why a differential pressure control of the filter cleaning system is needed. The application is impossible for depth filtration because of the high concentrations and the sticky consistency of dust. The filter would have to be changed and disposed of as hazardous waste. But for the factory, dust is a raw material; if dust can be separated it can be reused in the process and will increase the output. Therefore the realized filtration process combines the properties of surface and depth filters. Solutions were developed by ILK Dresden in a series of research projects. Development has been given the name "Process Air Filter" and it covers this area of responsibility. The objective for the exhaust gas cleaning was to achieve an operating flow of 60,000 m³/h and the realization of reduction in the emission concentration from 10 to 1 mg /Nm³.
At first, a monitoring program to fix the gas cleaning conditions had to be undertaken. Temperature is important because of cartridge limitation (80°C; Table 1 ).
Filter design and filter material
The filter material essentially determines the efficiency of filtration systems and is thus a key development component. Basic knowledge is a manufacturing technique for producing special filter media structures called Hycoknit ® . It has a special consistency; a combination between a high loft layer and a dense, finely porous layer. The production is a combined process, which consists of stitch " is a result of a nationally funded research project between ILK Dresden and the "Sächsisches Textilforschungsinstitut e.V. (STFI)" and other industrial partners. This filter material is a combination of high bulk Kunit and fine pore size air laid nonwovens, using fibre mixes containing split fibres. In comparison with membrane filters, the needed area of filters could be up to 25 times smaller, realising a filter space demand of (0.27-0.18) m² per 1,000m³/h air flow rate [5] . The principle of forming "Hycoknit ® " or similar structures is shown in the following graphics. The mentioned recent development applies a special manufacturing to form air lain nonwovens, which cover the outer side of the material with very thin thread loops. A further advantage of "Hycoknit ® " lies in the agglomeration of very fine particulates to bigger ones which relate to lower clean gas content.
The filter material has a gradient structure and the upstream side is made with this special pile structure (see Figure 3) . Because of that the agglomeration effect works along the fiber.
The Hycoknit ® material itself is not good for pleating and separation efficiency is too less to meet downstream concentration of 0.05 mg/m³. But in combination with a cartridge made from membrane materials it is a very effective combination. Hycoknit ® works as an agglomerator and as a depth filter in times with small filter cake. And the membrane works better than alone ( Figure 5 ). To prove that a bypass test rig was installed before realization to demonstration unit all parameters were checked and measurement was done for pressure drop, filter cleaning and separation efficiency. The general filter design is shown in 
Realization of demonstration unit and results

Filter set up
The filter unit was installed in a separate building which was in the filter entered by the filter company. For the whole gas stream, two filter housings were designed. Each filter is designed for 40,000 m³/h. For the cleaning cycle the upstream duct is kept shut by flaps. A sketch of the filter units is shown in Figure 8 and the two filter units are shown in Figure 9 . They are controlled by an SPS control unit. The completed filter set up is shown in Figure 10 . Downstream to the filter unit the cleaned gas is transported to the chimney flue of the "Hohe Esse". With a height of 140 m it is the tallest brick building in Europe and is a technical and industrial historical monument [7] (see Figure 11) .
After installation of the filter unit all parameters were checked and a watch-dog program was installed for logging all data to control the filter function.
The filter unit also has a bypass; in case of malfunction of the filter unit the gas flow can sucked off directly to the "Hohe Esse".
The daily filter plot is shown in Figure 10 . It can be seen that only a few regeneration cycles are necessary to stabilize filtration process. The temperature at the filter unit can be kept below 80 degrees also for raw gas temperatures of more than 100 degrees. While the cooling cycle's pressure drop and gas flow increases, the filtration process is stable.
Results
To control the separation efficiency of the filter unit and its filtration behavior, 6 measuring campaigns have been carried between 2011 and the present.
All of these campaigns have shown the very low emission concentrations of dust, fine dust and dust components. An example can be given with Figure 11 . It shows realistically the separation efficiency vs. element. Especially the efficiency for cadmium is very high and this is also an important result because of the special behavior of the element. Depending on temperature, it is going through the filter. But with a limitation of filter temperature to 80 degrees, cadmium can almost totally be caught. Compared with the content of total dust, it is hugely important -more than 7% of total dust is cadmium (see Figure 12 ). Also after one year of runtime the results are stable. (Table 2 shows the result.) For the very important parameters of class 1 and 3 of TA Luft the filtration efficiency is around 99 percent. The emission concentration is very low. 
Conclusion
While using an additional fine filter unit, dust concentration could be powerfully reduced. Especially the metals cadmium, lead and antimony, which were reduced more than 99%. The separated metals were reused in the process. The filter unit also buffers a higher dust concentration from the main bag house filter upstream of the fine filter unit in case of damage and high dust charges of products. The downstream concentration has been very low and stable at this level for more than two years. The regeneration process is also efficient and the filters can be cleaned also in case of high dust load. The filter units open a new possibility for emission control, but the additional fans generate costs of 4,000 Euros per year.
